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EXECUTIVE S1IWMARY

This report describes studies conducted at the National Institute of

Petroleum and Energy Research (NIPER) for the Federal Aviation Administration
(FAA) under a cost sharing agreement with the U.S. Department of Energy. In

these studies, the effect of aging automobile gasoline on its volatility and its

octane rating was measured.

The samples tested in this program represented a wide geographic

distribution for both winter and summer blends of automobile gasoline. Aging was
accomplished by heating the samples to 1100 F in vented containers and keeping
the fuel sample at that temperature for 48 hours. The change in the volatility
of the fuel was measured using the Reid Vapor Pressure (or an equivalent test and
correcting it to the Reid Vapor Pressure). The research and motor octane numbers

were measured before and after aging. The distillation curve of each fuel was

determined for both the initial and aged samples. The constituents of each fuel
were identified for both the initial and aged samples using gas chromatography

and the pri-Ini t nstituents lost during aging were identified.

, ges in the distillation curve and the Reid Vapor Pressure were

* greater for the winter-grade fuels than the summer-grade fuels. This was

expected since the winter-grade fuels contain a larger percentage of low
molecular weight constituents (e.g., butane and isopentane) and these are the

principle components lost during the aging process.

The changes in octane as a consequence of aging were, for the most part,

negligible. The principle exception was for the winter-grade sample of fuel from
Philadelphia which contained an unusually high percentage of butane. The change

in octane rating was similar for both the winter grade and the summer grade
fuels.
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WEATHFRING EFFECTS ON FUEL QUALITY

INTRODUCTION

The mandated reduction in fuel lead level and an increasing demand for high

octane quality fuels necessary for maximum. performance of vehicles require
refineries to consider all possible means to produce acceptable quality fuels at
competitive costs.

In the light aircraft industry, concerns exist that the substitution of

motor gasoline for aviation gasoline might result in engine failure during

maximum power demands. Weathered fuels which have lost higher volatility
components will have qualities that are more closely related to the remaining
lower volatility components. The bulk of the remaining portion lies in the
distillation range that would be produced from alternative feedstocks and these

tend to be the lover octane components. Requests to the Federal Aviation
Administration (FAA) for autogas certification have raised questions concerning

current iegAltions. The fuel certification procedures require aircraft fuel
tests to be conducted at 1100 F. Concerns are related to the higher volatility

4characteristics of autogas compared to aviation gas and the possibility of

inducing vapor lock at high temperatures. There is also inadequate information
regarding the weathering effect of fuel storage at high temperature and resultant
effects on fuel octane quality.

EXPERIMENTAL PROGRAM

The experimental program at the National Institute for Petroleum and Energy

Research (NIPER) was initiated to provide information to aid in making technical
judgments on fuel, fuel specifications, and fuel conditioning requirements for a

range of fuels that could be utilized in current light aircraft. This portion of

the work is centered on determining the acceptability of motor fuels that have
been weathered, causing loss of volatile components.

TEST FUELS.

Commercial auto gasolines from various locations were surveyed for
volatility and octane quality--in both as-received and after-weathering

conditions. Antiknock quality was evaluated to assess the suitability of this
variety of auto fuels for aviation applications. Experiments have been

conducted with ten winter (January-February) and ten summer (July-August) fuels
that were obtained from commercial suppliers representing various geographic

6. (refining) areas in the contiguous 48 states. The fuels were tested in as-
received condition with no modifications to the existing vapor pressures.
Specific fuel properties will be presented in the section dealing with test

results.

TEST PROCEDURES.

Prior to testing, all fuels were stored in air tight sealed drums at 500 F
and equilibrated at that temperature for a minimum of one week. The fuel

weathering tests involved transferring the fuels to vented test tanks, heating

6 1



the fuel to 1100 F and maintaining that fuel temperature for a 4LI-houir period.

This time period was chosen to ensure noticeable aging effects following

equilibration at 1100 F. Fuel samples were taken within one hour )f the time

required for the fuel to equilibrate at 1100 F and at 12, 24, and 48 hours

afterward for determination of vapor pressures. In addition, fuEl samples were

taken both from the Initial or fresh fuel and at the 48-hour point following

temperature equilibration. These samples were analyzed for distillation

characterl-tlcs (ASTM D 8h), research octane number (RON) (ASTM D2699) and motor

* octane nunner (MON) (ASTM D2700). An attempt to identify specific components of

the gasolires which are lost due to weathering at this temperature was conducted

using gas chromatographic techniques.

Two :ueI tanks representative of light aircraft were used. These were
- rect:iniular shaped with low height and large bottom surfaces. The total tank

volumes were nominally 13 gallons. Each tank was vented through fill ports and

this :_reL was less than 2 percent of the tank top area. The tanks were placed on

stands In a test cell having a temperature control range of 500 to 1200 F + 10.

Thermocouples were placed in the tanks approximately one inch above the bottom
* surface to monitor fuel temperature, and additional monituring for temperature

hi torv was made with a chart recorder. The tank levels specified were a minimum
of 90 percent full.

7 1he tesr procedure consists of the following:

1. Fuels were stored at an ambient temperature 500 F and an initial (fresh

fuel' sample was taken under these conditions.
"2. Test fuel tanks were filled with 500 F fuel to the 12-gallon (92

percent full) level.

3. Tank vents were left open to the atmosphere.
4. The tanks were then placed in the soak area and heated to a fuel

temperature of 1100 F. This fuel temperature was controlled by room

ambient temperature throughout the iest to + 10 F.
5. Fuel samples were taken within one hour of attaining the desired

temperature. This was referred to as time = 0.
(. Additional samples were taken at 12, 24, and 49 hours following

equilibration at 1100 F.

As mentioned earlier, additional measurements were made with the intial and

a4-hour samples. These included:

I. Distillation characteristics by ASTM D 86 technique.

. el octane evaluations--both RON and MON.
7. Component characterization by gas chromatographic analyses.

S":,r ressure measurements were made from all samples taken. The fuel

onamplcr for vipor pressure analyses were stored and equilibrated at W0 F. Vapor

preso,,' r,,, rrts hlr the ten winter grade fuels were made at NIPER using the
S,.,STY rKrtv;or press,re (MVP) procere e D 2951-71. The MVP was measured with a

.",ol " ' ,:,i press,ire gauge from Manufacturers Engineering and Equipment
f ¢Corp rt '.

V 2
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The m! :r c ouli d wis (1 ,elopoii as -in al ternative to tihe standard ' VP
proc edure AST1 1 'A., 'I to of Cc,- an 21d1van t aZC in spteed and si ze of sample rt r.o 7

* ~The NVP nietlhod consi qt-Jo fi!] ing a fao 1 e c~~hrof vap-nr pressure
apparatus with a chilled sample of gasclne. The gasoline chamber was; connectedl
to an air chamber mnaintained at 1001) F, and the apparatus was Immersed in, ;1 1Vat
at 100c) F aod shaken periodical ly until a COnst ant pressuire was observedl on a
gauge tthe totea arus. The guereadlrn7, sultably correcto , ns
reported as Reitd vapor preu;sure.

- ~ ~ ~ ~ ~ ~ --h nirvao pesretooc!d- introducing, a I iqvuf sampli c 'nt, in

e-iciate chmerf teiw iim s of measuring pressure In the chamber Voo-
and after samDle intr(ottuction. Trho a-;0arntus was immersed In a constant

- -temperatuce bath of 1001. Both t'.j UP arvi MVP procedures used yap r r, I
\'o Iur ra t ios of abouiit 4: 1.

Vnen a sample of v:-iatile hvdrocarbons is saturated with al- an,! i-nt- O
inco a chamber and a? l,--ved to equilibrate, the increase in pressure 1in eqiiiil

* ihe sum of i ini four pressures:
* - 1.~ vn r pessiire of the li quid at the temperature of the cham!hor.

?I .~a pressure of the dissolved air that cories out of soton
A. :nu po-rtial pres'-ure of the dissolved water.
4. Th e comvpresion effect of the liquid volumne on initial. air within -ce

hamber.
The on!-S sign f fi Cant presue o hs foiir which contribute to thle t otai7

pressuire alre me flist two, The vapor pressure of the sample anil partial jpres-,ure
uthe dissolvee a~r,

y natureo the svstems, the evacuated chamber associated withth d

pre~s that aii dissolved air ,will come entirely out of the solution, an(' he
measredandcorectd; herasthe Reid method (above atmospheric pres!sure)
11 ticll- cmpesat-, orthe effect of dissolved air. Therefore, thte R0.7 of"

a g,-Iven sample will alwvavs be lower than the MITP of the same s:Imple. Fo'e
conversion of MVP result. to RVP. the MVP may he corrected for the eflect n

I i~olxeii ir oir empirically correlated with Reid values.
Ie nanI es- w e Ie siturated wi th air at Sfli- F and pressure!-e, Oi~uh

monc(-eter ot 1000o F by merrury manometer. The empirical mathematicil
P I tr- ' of I4VP and RVP was supplied with the test apparatus.

C, At "(,r

FYI ~s 0.lV~(M)', ",Hg) 0.66

a.i.5 he r a cU17 expre 'zsed as n eqR 41 da VA en) 0e T Co '

~F kVP~

1~~t14 vt:- Ia'-apor pre,;F tire reusliureMentS wec maTle us-Ing 10,e P~cl.
*r .n tditrp. X .r:o !;eml-aitomiati F- e e v.apor prenssre 'inaratuis %,:s iACOI. 1

hafo,- i-1 ', or -re!srr-, nppa nttno; for the summoer measurements uas rnde Tpr mar1 1lv
or purp cc nt fa.-t or t 'irnrorUTd. Results fromi the two types ()f vaper 1)-escu-e

~ <tnte::e'~'ex.,m ted ,r N I VFY for a varipty of luels in thf, ,re -ietr c

* nt- t I, I f ni - 'o 'a fun to l . rv com p arabl e.

0' .%



RESULTqS

_____ , FIE.S.

Table I 'ha),s,'s a tabular history of the fuel vapor pre;u''4re changes due to
weather I effects at !10 ' F. The fuels are Identified b 0- _ city. of origin.
These c!:it.-i are presented as FRVP. The vapor pressur, samples w.re taken within

"" the prey naul'. defined time linl.ts. As a group, the crigina*, or unweathered

tresqres haP !with Philadelphia as an exception) an apprcximatf range of 12.5 to
" s;. The Philadelphia fuel had a value of 16.1 psi. Th weathered values

"- a'our '(" to I1 p, indfcating iss-s in ERVP rarcA.ii, from about 2.0
-7. ,,: the 48-hour period.

"hr cih , are the plotted vapor prfssurc rE.- 1 tF for fuels which
.,, , i,,l tarcuslv . It should be noted th the difftr, ncos in

7-r'? (from initial sample to t = 0) are due i chani-eF in test cell
- _ iitieo.......initial malfunction In the ston was rcsp,,sihle for

- ,ratin periods as seen in the Derver-Wicnita p ot (figure 41.

' re reduced to around 10 hours following rw,:air-. Cell temperatures

-hd hc '
i F Juring this period, but ca:eful mrd.ulat!5n assured no

--:it .. re -,rsion5 from tne target values. A li-lear reg-ession analysis
• t o. ' recults for the winter grade fuels. From Llhese results

t,, e - strong relationship between the change In vapor pressure

r' "'; ,.,that is, the higher the initial RVP, the preater the change

, '. ,wever, this relationship is also affected by fuel compositional

The data suggest that fuels with qimilar nltial vapor pressures,

, 4.e.,'a and Rockvi1Ie-San Diego, do not necessarily weather
1e-e . iferences would appear to he attributable to compositional

r.- . , n -Pneral, mcst of the vapor prea iuro decreases occurred before

.. ,tae changes (both 'q0N -nd MflN) for these ten high vapor

npc e In octAo (p - I t'. due t weathering appeared to

-,- . . - ,ore aPeriv. v less than 0.1 otane number. .Iost of these data

"* -. ' '. , ,,I nta) repeatailitv. A.,\ e)c' p tfor is. -een with the winter
-, ' ru.p, ,',Ke'ned fuel. A decrease .f .7 In MOI' was noted and as

- " th, )-'positional data, 1s attrih,ited to the high initial content

thr ,.: 15 show chanses In t1o fl:ols' distillation character due
". " r, d eithf,rfng coditions. TY- fuels all exhibited similar trends,

die to los of volatile front-end components.

,' . el ir.tlal boiling point (IBP) attributable to the 1100 F
F. Ten-volume percent distilled level changes varied

*...... u-h ?.cramento fuel to a high of 160 F for the unleaded

" ', 1. '.,wed i-milar trends for the most part, with the high
S ..... ,ru i'adelt, fuel exhibiting the largest changes in boiling

- :t ,,teaperature Increase., for this fuel ranged to more than

,.-vnlume percent distilled points. Again, the larger
",. .P re ttrbutable to losses of a large amount of butane

* " -, " , v- uI fel.
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Tables 3 thirolu}g, i) arc t,.e1 compositions for the Indilidua I fuels. ThPse
-* '-__'. are result,, of .m chren~it.gronitIc analyses conducted on the inital i and 4P- hour

samples. These CC _1aa are p-osented as volume percent summations as a function
of both carbon ni,,mbor and ceinoound cfass. A listing of compound specific
analyses for el. o-,'mr 1r:d winter fuel, original and weathered, are contained

- in refe, rence I. In gen,'ra1, as might be expected, most of the changes occur In
the C1I to CS~rig contaiIn in. thi nestr vol atile material S, I .e. but anes, are

4 pentanes. Note that won rev:ewin,- tallc.- 2 through 12, relative changes should
be kept In mind; I one compon,.nt dec:ei:s, the relative percentage oif the

others increase.

-- As i.I.. o aem e, I, . -si Philadelphia fuel exhibited the lar ,est changes

in vp ,r pressure, :rx, and distilatfon character. Table 4 presents the
compsitional sumarles frce <m- ples taken before and after weathering. Bv far,
the largest total cha,..n-e is w-Cn Lhe C4 compounds. The very high initial vapor
pressure would :,uigv'0J that the volatile materials lost were butane and
Iscpentane. , ..I comoonent listing in reference 1 indicates a high
Initial ".I't :,x Co ' nt .

% '. ihe sti-er fuels tested were procured from geographic locations similar to
Tos o the winter fuels.- Both regular and premium unleaded gasolines were
obtained, and as would be discovered, a gasohol fuel was included. Table 3
, Ls oe effect of a rontrolled 110o F soak on the vapor pressures. Unweath-
tred fuel RVP vl-lues. were f-om about 8.5 to 11 psi. Decreases in vapor pres-
sures due to weatier0,' ra!ng.,: from a low of 0.5 psi for Wichita samples to a
hi b gh of?. sqi 1(,r )ilth. As with the winter fuels, most of the decreases

. ,ccur r1 wfthn ' hours , and the drop in RVP appears to be marginally dependent

-,n the tnftial RVI' of the summer grade blends, with the fuel composition
maffeI tn e overil dcine.

,.ct ne qi:]lit. clharg:es are presented In table 14. Motor octane results
sh(Iwed nn ei-'dto most of the fu-ls. Only the premium unleaded
'-racaeto, fo teq Indicated a significant octane decrease of 0.7.

?i-gF uie, Iflirough 2q contain information on the summer fuel distillation
character before and after weatherlng. For most cases, there were barely
discernible ,:ferovces In fuel boiling range due to weathering. IBP changes
were minima . he 1ouston. fuel exhibited the most change with 5, 10, and 2!)

ipercent r,, lr'<,_recsing by about 10' F after weathering. This Is not
'Inu:'pected( f: thte ; -1 s since they contain far lower quantities of the more
rvolatile fr,,nt-er;d ( mponents normally used for vapor pressure enhancement.
O.>eclf. ! , analvsic wooF- conducted with the New Orleans fuel. Results

.(. 0, percent ethanol, thus accounting for the unuaUal shape of the
11 ,1, t i c,'.' s--he boiling, polinft for ethanol is 1730 F.

-*- il-
2 

0 , t't .oh 1e c ntaln fucl comroi;itional summaries for the s-!'-er
T l .,. . tr1 , , wh-t , 'te ! rei.n ts, the charges occur mo:otlv In the fro)nt

d ,.P , ,rr, to AgaIfn, the specific component results for tha.,c fuels are
I. , .ned i C .. 0 ,- . she 1, he noted that the relatively small component

,,1 es tcr t, fn' ho es,. ,.t IIl,, no effects on their octane and
,..'.- .istil latil> char.actorist~c.

-% ..
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COINCLYI 1ON

t~ iflte t.- :reasi-,e tilt eff ect 1 1i . T

oc11 t 1!* e ei CF, i~ t~ e, WItI.

.. . . . .rt It c f -1 10 thle cton t i '

jta!tv' A e1 iet !I1V F for 4
FI;,o' 1. w,,

.7 7th~ T e on!, 1\ et'~ii ,~.A ~ .. t

r: ttT

u, '.-Crcase in eatjt.:;err'c'Roi' a'

,- . '<o !m'rewhu ,t dependent on th-i in c a~i1  -st fo .p TR. Po ,r
:r if2 i-,itial va-ne pressures; lo r 1--' S~ q 'e a cI n

*.ecreises ruLe to ac'-ng :,re rePntienr )-. &:l -'~ qp1a-!t -

- -ar c o:n; n er.t s f o und I ,i t h e '

'-V - t o a for C, tt '1) W r1 TI~ 0 . ' S, ccurrt'
t.o :-iior Period Coll owlv 7,e, P ih: )n .rI'F. ('hangr q
'4 -,:v4 4 Rhors were withinj m.'thod reli- v AI
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TA8L. '. Vapor pr,2 sUre versus time

Equivalent Reid Vapor Pressure (psi)

Time
Fuel r... Orna 1 7 12 24 48

Houston, TX . i1.69 11.31 10.97 10.65

Sacramen to, CA 12 . 10.99 11.10 10.61

Philadelphia, PA lt ... i. I1 11.37 11.16 10.78

New Orleans, LA 12.06 11.61 11.10 11.03 10.80

Rockville, MD 12.:& 10.99 10.70 10.32 10.13

San Diego, CA 12.9E 11.48 11.18 10.95 10.87

Denver, C' ir 05 12.36 11.73 11.27 10.84

Wichita, KS 111.08 12.08 11.69 11.54 11.37

Ft. Laue; F L 11.98 10.19 10.15 10.04 9.81

Chicago, iL 13.93 11.82 11.44 11.37 10.87

TABLE 2. - Octane ratings

RON MON
Fuel Initial Final Diff. Initial Final Diff.

Houston, TX 91.6 91.5 0.1 82.6 82.4

Sacramento, CA 92.0 91.7 0.3 82.6 82.4 0.2

Philadelphia, PA 92.i oI.7 0.4 81.5 80.8 0.7

New Orleans, LA 92.3 92.3 0.0 86.2 86.1 0.1

Rockville, M0 91.7 91., 0.3 82.3 82.2 PA

San Diego, CA 92.1 92.1 0.2 82.8 82.5 0.3

Denver, CC 89..0 88.6 0.4 80.5 80.1 0.4

Wichita, KS 9l._ 91.7 0.1 82.8 82.5 L.3
O

Ft. Lauderdie , . 91.6 6.C 0.0 82.2 82.1 0. i

Chicao, I! I1.3 91.3 0.0 82.4 82.3 0.1
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TABLE 3. - Fuel composition suminary - New Orleans - winter

Volume-percent Summation by Carbon Number and Compound Class

Initial

Carbon Paraffins
No. Normal IsO Naphthenes Olefins Aromatics Total

1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00
3 0.12 0.00 0.00 0.02 0.00 0.13
4 9.54 2.26 0.00 0.88 0.00 12.69
5 5.94 8.65 0.12 4.52 0.00 19.23
6 4.27 8.01 1.42 1.51 1.03 16.24
7 1.47 8.41 2.10 2.68 3.68 18.33
8 0.57 16.88 0.69 0.03 4.45 22.63
9 0.12 2.83 0.04 0.00 3.06 6.05

10 0.05 2.20 0.00 0.00 2.22 4.47
11 0.05 0.02 0.00 0.00 0.15 0.22
12 0.00 0.00 0.00 0.00 0.00 0.00

Total 22.13 49.27 4.36 9.64 14.60 100.00

Average Molecular Weight = 88.64
Average Density - .702
Average Carbon Number 6.29

i h/C Ratio = 2.06

48 Hours

Carbon Paraff ins
No. Normal IsO Naphthenes Olefins Aromatics Total

1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00
3 0.05 0M0 0.00 0.01 0.00 0.06
4 7.55 1.59 0.00 0.70 0.00 9.85

- 5 5.65 8.00 0.11 4.57 0.00 18.33
6 4.26 7.93 1.43 1.53 1.11 16.25
7 1.50 8.45 2.10 2.72 4.01 18.78
8 0.59 19.48 0.87 0.04 4.61 25.59
9 0.12 3.14 0.00 0.00 3.19 6.45
10 0.C5 2.28 0.00 0.00 2.15 4.48
11 0.05 0.02 0.00 0.00 0.14 0.21

* 12 0.00 0.00 0.00 0.00 0.00 0.00

Total 1 1) 30.87 4.51 9.57 15.21 100.00

Average Molecular Weight = 90.69
Average Density - .708

* Average Carbon Number = 6.44
H/C Ratio 2.04

23
;@'



.Y~~~~~~-w*~~~- -Y, -J- .1 P J, 7. Y ~ Y~. . ~. 7 ~ ~ -j . FPF .7

TABLE 4. - Fuel composition summary - Chicago - winter

Volume-percent Summation by Carbon Number and Compourd Class

Initial

Carbon Paraffins
, No. Normal Iso Naphthenes Olefins Aromatics Total

1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00

* 3 0.17 0.00 0.00 0.02 0.00 0.18
4 11.68 1.57 0.00 1.35 0.00 14.60
5 6.23 10.56 0.19 4.29 0.00 21.28
6 3.12 11.44 2.57 1.74 1.76 20.63
7 1.73 4.56 1.26 2.07 9.02 18.65
8 0.58 5.75 1.17 0.10 3.18 10.78
9 0.14 1.04 0.00 0.00 7.56 8.73

10 0.10 0.20 0.00 0.00 4.22 4.53
11 0.10 0.03 0.00 0.00 0.49 0.62
12 0.00 0.00 0.00 0.00 0.00 0.00

*Total 23.85 35.15 5.19 9.58 26.23 100.00

Average Molecular Weight = 85.92
Average Density - .715

*; Average Carbon Number = 6.16
H/C Ratio = 1.93

48 Hours

Carbon Paraffins
No. Normal Iso Naphthenes Olefins Aromatics Total

1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00
3 0.05 0.00 0.00 0.00 0.00 0.05
4 7.98 0.88 0.00 0.93 0.00 9.79
5 5.82 9.48 0.19 4.01 0.00 19.49
6 4.19 11.73 2.78 2.49 1.87 23.06

1.88 4.96 1.37 2.28 9.89 20.39
8 0.63 6.41 0.77 0.11 3.55 11.48
9 0.15 1.23 0.00 0.00 8.35 9.74

10 0.12 0.26 0.00 0.00 4.75 5.12
l1 0.11 0.03 0.00 0.00 0.73 0.87
2 0.0 0.00 0.00 0.00 0.00 0.0

" Total 20.93 34.98 5.11 . 29.14 100.00

Average Molecular Weight = 88.87
=e < e-sitj - .727

e".Ia~e Carbon Number = 6.39
2 , Patio = 1.88
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TABLE 5. - Fuel composition summary - Ft. Lauderdale - winter

Volume-percent Summation by Carbon Number and Compound Class

Initial

Carbon Paraffins
No. Norma, IsO Naphthenes Olefins Aromatics Total

1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00
3 0.14 0.00 0.00 0.05 0.00 0.19
4 8.12 1.59 0.00 1.20 0.00 10.92
5 5.78 10.71 0.17 4.19 0.00 20.85
6 3.40 10.87 2.64 3.04 2.29 22.25
7 1.66 5.75 1.52 2.59 8.31 19.83
8 0.45 5.92 0.77 0.06 6.45 13.65
9 0.12 1.63 0.02 0.00 6.09 7.86

10 0.08 0.25 0.00 0.00 3.67 4.00
11 .07 0.00 0.00 0.00 0.40 0.46

-.- 12 0.00 0.00 0.00 0.00 0.00 0.00

* Total 19.81 36.73 5.12 11.13 27.21 100.00

Average Molecular Weight = 87.39
Average Density - .720

- Average Carbon Number = 6.27
h/C Ratio = 1.90

48 Hours

Carbon Paraffins
No. Nurmal IsO Naphthenes Olefins Aromatics Total

1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00
3 0.06 0.00 0.00 0.02 0.00 0.08
4 5.41 1.10 0.00 0.92 0.00 7.43
5 5.42 10.00 0.17 4.03 0.00 19.61
6 3.37 10.79 2.72 3.25 2.56 22.68
7 1.71 6.44 1.75 2.88 8.46 21.24

. 8 0.42 6.32 0.89 0.08 8.12 15.83

9 0.12 2.10 0.06 0.00 5.86 8.14
10 0.07 0.37 0.00 0.00 3.59 4.03
S11 0.05 0.13 0.00 0.00 0.72 0.90

i 12 0.00 O.CO 0.00 0.00 0.05 0.05

Total :6.61 37.25 5.59 11.19 29.36 100.00

Average Molecular Weight = 89.78
Average Densiti - .730

* Average Carbon Number = 6.46
H/C Ratio = 1.87
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TABLE 6. - Fuel composition summary - Philade7,hia -

Volume-percent Summation by Carbon NumLer and Corno.:7 C d

Initial

.arbon Paraffins
1NO. Norma' Iso Naphthenes Ujefins A: mat cs Total

1 0.00 0.00 0.00 0.00 or.0 0
2 0.00 0.00 0.00 0.00 3.00 0.00
3 0.06 0.00 0.00 0.01 0.00 C. 07
4 9.23 3.19 0.00 5.09 0.00 1;.51
5 ).55 12.86 0.24 6.77 0.00 29.43
9 1.70 6.46 1.61 5.L7 0.44 15.49
7 0.85 2.90 1.42 3.62 3.50 12.29
8 0.37 3.34 1.65 'J.16 i.21 0.74
9 0.14 2.89 0.09 0.00 ,.9U 8.08

10 0.11 0.70 0.00 0.00 3.97 4.78
11 0.15 0.08 0.00 1.00 0.89 1.13
12 0.15 0.16 0.00 0.0) 0.18 0.48

Total (2.31 32.59 5.02 20.93 19.15 100.00

" Average Molecular Weight = 83.51
Average Density - .699
Average Carbon Number = 5.96
H/C Ratio = 1.99

48 Hours

* Carbon Paraffins
Nc. Normal Iso Napht.ienes O'efins Aromatics Total

10.00 0.00 0.00 0.00 0.00 0.00
. 0.00 0.00 0.00 0.00 0.00 0.00
3 0.01 0.00 0.00 0.00 0.00 0.01
4 4.77 1.13 0.00 2.60 0.00 8.50

8.95 11.01 0.25 6.31 0.00 26.53
, 6 1.93 7.08 1.86 5.95 0.51 17.33

/ 1.04 3.46 1.75 4.34 4.40 14.98
8 0.39 4.21 2.16 0.26 6.47 13.48
9 0.17 3.61 0.12 0.00 6.33 10.23

. 10 0.14 0.96 0.00 0.00 4.99 6.08
ii 0.20 0.08 0.00 0.00 1.69 1.97
102 0.19 0.00 0.00 0.00 0.70 0.90

To ta 17.78 31.54 6.13 19.46 25.09 100.00

Average Molecular Weight = 89.77
S,,erage Oens ty - .723

Ave'age Carbor Number 6.44
* h". Ratio 1.91
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TABLE 7. - Fuel composition summary - San Diego - winter

Volume-percent Summation by Carbon Number and Compound Class

Initial

Carbon Paraffins
No. Normal Iso Naphthenes Olefins Aromatics Total

1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00
3 0.12 0.00 0.00 0.03 0.00 0.15
4 7.41 3.97 0.00 0.74 0.00 12.12
5 4.64 10.29 0.19 4.84 0.00 19.96
6 2.57 7.20 2.33 3.22 1.25 16.57
7 1.37 4.68 3.17 0.54 6.28 16.05
8 0.78 6.61 1.22 0.01 9.12 17.75
9 0.38 3.14 0.11 0.00 7.19 10.82
10 0.25 1.02 0.00 0.00 4.46 5.72
11 0.14 0.03 0.00 0.00 0.48 0.64
12 0.00 0.06 0.00 0.00 0.15 0.22

* Total 17.65 37.00 7.03 9.39 28.93 100.00

Average Molecular Weight = 89.52
Average Density - .726
Average Carbon Number = 6.43
h/C Ratio =1.89

48 Hours

Carbon Paraff ins
No. Normal Iso Naphthenes Olefins Aromatics Total

1 0.00 0.00 0.00 0.00 0.00 0.00

2 0.00 0.00 0.00 0.00 0.00 0.00
3 0.05 0.00 0.00 0.01 0.00 0.06

4 6.00 2.85 0.00 0.60 0.00 9.45
5 4.52 9.69 0.20 4.69 0.00 19.10
6 2.64 7.32 2.35 3.28 1.30 16.90

0 7 1.45 4.88 3.31 0.58 6.58 16.79
8 0.82 6.94 1.00 0.01 9.60 18.37
9 0.40 3.21 0.16 0.00 7.61 11.37
10 0.26 1.43 0.00 0.00 4.90 6.59
11 0.15 0.17 0.00 0.00 0.63 0.95

• 12 0.00 0.11 0.00 0.00 0.30 0.41

Total 16.29 36.61 7.01 9.18 30.91 100.00

Average Molecular Weight = 91.61
Average Density - .734

* Average Carbon Number 6.60
H/C Ratio = 1.86
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L'L L S. F uel composition summary R - .
r.

-', e-cer: nummation by Carbon N, re -u an , -

I I it ; l

No~D~. To32-fl-- -- !so! -h --e

93. I , "i SO N~thenes 2iefJns Ar.; •~ <,. To0

I 00 0.00 0.00 0 . C .,0 0.00
O.CO 0.00 C. O.00 .0

3 J.109 C.OC 0.00 0M03 C.cO 0.22
741 1.77 0.00 G..4 0,00 .
7. 10.49 0.18 4.80 0.O0 22.48
2.47 8.54 1.66 3..1 1.21 11•52

L 5.72 2.07 1.40 0
5 0.52 7.65 1.59 0.07 7.,4 16.87

,.35 3.01 0.08 J.0c S .7
.0 2.5 0.83 0 .C0 0.06 4.77

..C11 0.03 0.00 0.00 0
C0.L) i 0.O0 C'.(o ' J2 0.C3

I

.., 19.52 38.05 , 12.4e 100 .OC

Average Yo~lcula, Weight = 88.15
*:: Ave-age Density - .716

Average Oarbon Number = 6.31
H/: atio 1 ,94

48 Hours

':-Carbon Paraffins

Nc ra IsO NaphtnEnes Jlefins Aromatics Total

10.00 0.00 0.00 0.00 .00 0.t0
.000 0.00 0.00 0.00 0.00 0.00

0.06 0.00 0.00 0.01 1,.00 0.07
. 5.46 1.09 0.00 1.36 0.00 8.41
5 6.83 9.78 0.18 4.71 0.00 21.51
6 2.63 8.94 1.78 3.86 1.31 18.53
7 1.32 6.24 2.36 1.45 6.20 17.58
8 0.59 9.12 0.98 0.06 7.52 18.27

0.38 2.73 0.09 0.00 6.72 9.92
10 0.24 1.01 0.00 0.00 4.00 5.25
1 0.11 0.03 0.00 0.00 0.32 0.47
12 9.00 0.00 0.00 0.00 0.00 0.00

3 1) 1 5.39 1 1 ?' .0 , 7.

e or'eclj,ir Weight = 90.25

F, r CP b ,  Number = 6 .47
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TABLE 9. - Fuel composition summary - Sacramento - winter

Volume-percent Summation by Carbon Number and Compound Class

Initial

Carbon Paraffins
No. Normal Iso Naphthenes Olefins Aromatics Total

1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00
3 0.24 0.00 0.00 0.00 0.00 0.24
4 5.93 2.87 0.00 0.97 0.00 9.77
5 5.75 13.15 0.22 3.34 0.00 22.46
6 2.75 10.84 3.81 3.37 1.64 22.42
7 1.12 5.51 3.10 1.28 6.00 17.00
8 0.38 7.09 1.90 0.06 7.80 17.22
9 0.21 3.01 0.07 0.00 4.95 8.23

10 0.09 0.36 0.00 0.00 2.06 2.50
11 C.00 0.00 0.00 0.00 0.15 0.15
12 O.OC 0.00 0.00 0.00 0.00 0.00

* Total 16.46 42.84 9.10 9.01 22.59 100.00

Average Molecular Weight = 87.54
Average Density - .714
Average Carbon Number 6.26
H/C Ratio = 1.96

48 Hours

. Carbon Paraffins
No. Normal Iso Naphthenes Olefins Aromatics Total

1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00
. 0.12 0.00 0.00 0.00 0.00 0.12
4 5.00 2.17 0.00 0.82 0.00 7.99
5 5.71 12.67 0.23 3.32 0.00 21.92

* 6 2.87 11.15 3.96 3.24 1.70 22.92
7 1.18 5.67 1.61 2.82 6.25 17.53
8 0.35 8.55 1.26 0.03 8.12 18.31
9 0.11 3.02 0.07 0.00 5.22 8.42
10 0.00 0.41 0.00 0.00 2.23 2.65
11 0.00 0.00 0.00 0.00 0.14 0.14

* 12 0.00 0.00 0.00 0.00 0.00 0. C0

Total 15.33 43.65 7.13 10.24 23.65 100.00

Average Molecular Weight = 88.71
Average Density - .718

O Average Carbon Number 6.35
H/C Ratio = 1.94

O0 29
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TABLE 11. - Fuel composition summary - Wichita - winter

Volume-percent Summation by Carbon Number and Compound Class

Initial

Carbon Paraffins
No. Normal Iso Naphthenes Olefins Aromatics Tota'

1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00
3 0.12 0.00 0.00 0.00 0.00 0.12
4 11.92 1.45 0.00 2.73 0.00 16.11
5 6.22 7.29 0.16 3.92 0.00 17.59
6 3.56 7.03 2.06 3.34 1.21 17.20
7 1.56 8.90 1.49 1.28 5.44 18.66
8 0.56 9.20 1.10 0.08 7.29 18.22
9 0.29 2.45 0.00 0.00 5.33 8.07

10 0.15 0.86 0.00 0.00 2.76 3.77
11 0.04 0.00 0.00 0.00 0.22 0.26
12 0.00 0.00 0.00 0.00 0.00 0.00

* Total 24.42 37.18 4.80 11.35 22.26 100.00

Average Molecular Weight = 87.02
Average Density - .710
Average Carbon Number = 6.22

- H/C Ratio = 1.97

48 Hours

Carbon Paraffins
No. Normal Iso Naphthenes Olefins Aromatics Total

LN

1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00
3 0.04 0.00 0.00 0.00 0.00 0.04
4 9.04 0.94 0.00 2.06 0.00 12.04
5 6.04 6.79 0.17 3.80 0.00 16.81

0 6 3.73 7.29 2.16 3.50 1.25 17.93
% 7 1.67 9.58 1.58 1.35 5.87 20.06

8 0.60 10.00 1.21 0.10 7.82 19.72
9 0.33 2.81 0.01 0.00 5.81 8.94

10 0.15 0.73 0.00 0.00 3.18 4.06
- 11 0.05 0.00 0.00 0.00 0.35 0.41
. 12 0.00 0.00 0.00 0.00 0.00 0.00

Total 21.65 38.13 5.12 10.81 24.28 100.CO

Average Molecular Weight 89.57
Average Density - .719

.- Average Carbon Number = 6.41
H/C Ratio = 1.94
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... 12. - Fuel composition summary - Dever -

-:e'et Sur~dt'on by Carbor, Num:.er an Trrnour-'J
Initial

Nc. w"ad !so Naphthenes "J .s - 1.a: cs

-"I 2. 0.0, 0 0.00 0.0 0OL.0 0 .0-C 0,O .00 O. O0 Q3 CO0 ,O0 O. U,
2>C0.00 0.00 0.00 2.00 0.00

0.00 0.00 3.2 0.00 0.26
5.73 0.00 2.54 0.00 13. C

6,.-, 8.49 0.119 ,'.53 0.00 19 .
-.3 3. 3.84 ' "5 1.28 2. 6

2.25 5.97 3.08 1.6? ,.32 19.30
2 .67 3.91 0.71 0.07 '.4 13.00
2.37 2.27 0.02 3.30 J23 3.40
. 9 0.39 0.00 . .3.1

0.00 0.00 0,C( 0.72 0.52
C-C 3 . C0 O.00 0.30 0.0 000

-243 35.78 7.S21 1.3 24.58 100.00

"-, 4refe olecuar eight = 86.83
- ive ae Density - .715

' eCarbon Number 6.22

48 Hours

Ca.-nr Paraffins
N:. Normal Iso Naphtoenes Clefins Aromatics Total

0.0 0 0.00 0.00 0.00 0.00 0.00
n.0,C 0.00 0. 0; 0 .0 CC.00 3.00
.. 07 0.00 0,00 0.00 0.00 0.07
3.87 3.48 0.00 1.85 0.00 9.20
563 7.88 0.111 3.39 6.00 18.10

* 5.79 9.33 4.05 2.65 1.35 23.18
7 2.44 6.90 2.91 1.80 6.85 20.89

0 3.76 4.24 0.82 0.10 8.37 14.29
0.41 2.52 0.01 0.00 6.24 9.17
.21 0.47 0.00 0.00 3.66 4.33
S 13 0.00 0.00 0.00 0.62 0.75

* 00 00 0.00 0.00 0.00 0.00 0.00

2- .3! 34.82 7.98 9.80 27.39 100.00

. .... : I ., We ght = 89.57
', "* -' .. . C'd ]] . / 7

A- , , Numbe : 6.43

.- "2



TABLE 13. - Vapor pressure versus time - summer fuels

Equivalent Reid Vapor Pressure (psi)

Time
Fuel Original 0 12 24 48

New Orleans, LA 11.2 9.5 9.3 9.2 9.2

Houston, TX 8.8 8.2 7.6 7.7 7.4

Washington, DC 9.9 9.7 8.5 8.4 8.2

Denver, CO 9.2 8.9 8.4 8.5 8.3

Ft. Lauderdale, FL 10.6 9.8 9.5 9.3 9.3

Chicago, IL 10.2 9.6 9.5 9.3 9.3

Sacramento, CA 8.7 8.4 8.3 8.2 8.0

San Diego, CA 8.9 8.4 8.2 8.2 8.1

Wichita, KS 8.9 8.8 8.6 8.4 8.4

-. Duluth, 11N 10.6 9.3 8.3 7.9 8.1

TABLE 14. - Octane ratings - summer fuels

RON MON
Fuel Initial Final Diff. Initial Final Diff.

New Orleans, LA 95.2 95.1 0.1 83.7 83.7 0.0

Houston, TX 97.5 97.5 0.0 86.5 86.5 0.0

Washington, DC 91.7 91.4 0.3 81.6 81.6 0.0

Denver, CO 89.4 89.4 0.0 80.1 80.0 0.0

* Ft. Lauderdale, FL 97.5 97.5 0.0 86.8 86.8 0.0

Chicago, IL 93.1 93.0 0.1 83.7 83.7 0.0

Sacramento, CA 98.1 97.5 0.6 85.8 85.0 0.8

San Diego, CA 92.7 92.6 0.1 82.2 82.2 0.0

Wichita, KS 94.1 94.0 0.1 85.0 84.8 0.2

Duluth, MN 94.9 94.0 0.0 86.4 86.1 0.3

33
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* 48 Hours *
- Initial -

"00

S2 20 30 40 50 610 710 80 90 100

VOLUME-PERCENT DISTILLED

* ':ld?1es in distillation chara .ter due to wea'Zhering,
ujmner fuel from New Orleans
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FIGURE 17. - Changes in distillation character due to weathering,

summner fuels from Houston.
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Washington D.C.

400
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-CPE, 1d. - Changes in distillation character due to weathering,
summer fuels from Washington, DC
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Denver

400

0-- 48 Hours
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r. 300
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FIGURE 19. -Changes in distillation character due to weathering,

surmmer fuel from Denver.
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500

Duluth

400
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0 48 Hours

LU - Initial

<

300 e

200
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?0000
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':IG1JRE 20. -Changes in distillation character due to weathering,
summer fuel from Duluth.
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500

Ft. Lauderdale

400

0- 48 Hours
* Initial
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z0
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IF
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FIGURE 21. -Changes in distillation character due to weathering,
sumrer fuel from Ft. Lauderdale.
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500 ~'

Chicago I

400

-- 48 Hours

w Initial

D 300

C-
* uJ

200

S 0
0 10 20 30 40 50 60 70 80 90 100

VOLUME-PERCENT DISTILLED

7-4:E 22. -Changes in distillation character due to weathering,
summrer fuel from Chicago.
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500
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400

0- 48 Hours

LU- Initial
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a: 30
3000

z
0

200-j

100

*0 0

0 10 20 30 40 50 60 70 80 90 10(

VOLUME-PERCENT DISTILLED

FIGURE 23. -Changes in distillation character due to weathering,
summuer fuel from Sacramiento
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San Diego

400 48 Hours

- .Initial fU-J
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= 300
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100
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F IUPE 24. - Changes in distillation character due to weathering,

summer fuel from San Diego.
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FIGURE 25. -Changes in distillation character due to weathering,
summier fuel from Wichita.
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TABLE 15. - Fuel composition summary - 0e ver -

0~Lrne-percent Summation by Carbon Number ar- "

Initial

•ar:cn Paraffins
o. Nc -mal ISO Naphthenes Olefins Ar,-;.n c 1cs td

S0.00 0.00 0.00 0.00 .0
2 0.00 0.00 0.00 0.00 .0 .0 0

0.46 0.00 0.00 0.02 3.00 0.a8
4 2.77 1.54 0.00 1.58 0.OC 5

6.20 7.89 0.17 3.25 0.00 17.5C
.4.68 7.18 3.13 4.01 ".48 20.48

2.40 6.29 1.64 3.22 7.8 2123
-= 0.92 5.48 1.06 0.46 9.i 17.7
9 0.24 3.08 0.09 0.00 : ,. 72

10 0.13 0.87 0.00 0.00 4.,46 5.47
a08 0.20 0.00 0.OC X2.53 O

-2 .0 0.13 0.00 0.00 6.00 3.13

- ot< .7. 9 32.67 6.10 12.54 20.20 i0 .O

AvErage oiecular Weight = 92.23
Ave-a3e ?ensity = .736
Averaqe Cdrbon Number = 6.64

48 Hours

Paraffins
Normal Iso Naphthenes Olefi,;s PXomatics Total

-. 00 0.00 0.00 0.00 0.00 0.00
0 ..00 0.00 0.00 0.00 0.00 0. 06'

3 3.24 0.00 0.00 0.11 0.00 0.35
8.91 1.94 0.00 1.11 0.00 11.96

5 3.90 5.09 0.12 2.04 0.00 11.15
3.91 5.89 2.73 3.26 1.19 16.97

34 6.03 1.62 3.39 7.92 21.30
1.00 5.53 1.25 0.38 10.35 18.52

90.27 3.45 0.09 0.00 8.57 12.38
I0 0.14 0.93 0.00 0.00 5.15 6.23
1M 0.09 0.21 0.00 0.00 0.71 1.02

0.00 0.13 0.00 0.00 0.00 0.13

20.30 29.19 5.82 10.29 33.89 100.00

n :j'ir Weignt 92.41

,:,e-a,: i r~c 4umb r :6.19
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TABLE 16. - Fuel composition summary - Wichita - summer

Volume-percent Summation by Carbon Number and Compound Class

Initial

Carbon Paraffins
No. Normal Iso Naphthenes Olefins Aromatics Total

1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00
3 0.11 0.00 0.00 0.07 0.00 0.17
4 6.48 1.05 0.00 1.79 0.00 9.33
5 2.72 5.94 0.08 2.57 0.00 11.32
6 2.27 5.41 0.87 3.19 1.41 13.15
7 1.49 7.27 1.72 2.56 6.85 19.90
8 0.49 19.98 0.91 0.38 9.33 31.08
9 0.12 4.23 0.20 0.00 5.81 10.35
10 0.04 1.56 0.00 0.00 2.88 4.48
11 0.02 0.01 0.00 0.00 0.20 0.23
12 0.00 0.00 0.00 0.00 0.00 0.00

* Total 13.75 45.44 3.77 10.57 26.48 100.00

Average Molecular Weight = 94.48
Average Density = .730
Average Carbon Number = 6.78
H/C Ratio = 1.91

48 Hours

Carbon Paraffins
No. Normal Iso Naphthenes Olefins Aromatics Total

1 0.00 0.00 0.00 0.00 0.00 0.002 0.00 0.00 0.00 0.00 0.00 0.00

3 0.08 0.00 0.00 0.04 0.00 0.13
4 7.55 1.21 0.00 1.57 0.00 10.33
5 1.41 3.22 0.05 1.28 0.00 5.96
6 2.20 4.15 0.73 1.99 1.04 10.12

0 7 1.49 6.78 1.53 2.33 6.92 19.04
8 0.59 21.42 1.10 0.34 11.37 34.83
9 0.16 5.10 0.25 0.00 7.81 13.31
10 0.05 2.24 0.00 0.00 3.68 5.97
11 0.03 0.02 0.00 0.00 0.27 0.32
12 0.00 0.00 0.00 0.00 0.00 0.00

Total 13.56 44.14 3.66 7.56 31.08 100.00

Average Molecular Weight = 97.65
Average Density = .741

*• Average Carbon Number = 6.62
H/C Ratio = 1.87
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-. L 7.:I F :jFue ccrnos tion sugmary - . ,;r

-;_-'-zent S-rnmation by Caron . nimbe -,c .:.
. Initia

I 's
______ iso aphLthenes *0if". ... c,

CA0.00 30 02
D .0 0.00 0.. 00 O.rC

Lr
,.>.,,00 0.00 O.3 CO .Oo r,.. 6 3 O ,'1 O 0 8 g.0 68

2.47 0.00 .0.0C; I -
4 69 .9 0.16 4.4" 0.00 R .2

7. L5 1.78 4.22 1.43 4,
.45 4.96 1.68 2 .56 11
54 8.83 0.85 '2.20 : 49
8 -4 0.07 0.00 .0o
iL 0.83 0.00 3.-? .- ,-,

" " '0.08 0.00 . 0.0

36.23 4.54 13.49 ,.4 1or ""

,A',, ,-. p Mc'ecu' ,> - Weight -= 89.26
r- , _ z~ -"er-, ', = 2

.... 3tn umber 6 6,15

48 Hours

-' "- ~Paraffins
"-",- V.-m< " :SO N.Naz!Phthnes C)e2 -s ;r,'mat~cs Tcta

0 O.co 0.00 J.00 0.00 2.00
c , •. N 3. )0 r00 0.3

•; 200.004 .: 0.30''.6

2.J34 .) 1.89 ,0 1
14 8.87 0.16 4.37 0.00 18,04

* -' . .9 1.78 4.27 1.43
1 .39 L,.52 5.90 ,6,D
0.90 0,21 8.24 18.99
0.08 0.00 7.24 10.32

, 3,.90 0.00 0.0C 4.40 .4I
* . 0.00 0.O0 0.55 C .6

.8 0.00 0.00 0.00 0. 15

- '. :4 4.61 13.30 27.75 110.00

I .. " . " - C:?9

'S

*1

,* '4 r , . -- - ' , ; " i " 
I
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TABLE 18. - Fuel composition summary - San Diego - summer

Volume-percent Summation by Carbon Number and Compound Class

Carbon Paraffins
No. Normal Iso Naphthenes Olefins Aromatics Total

1 0.00 0.00 0.00 0.00 0.00 0O0
2 0.00 0.00 0.00 0.00 0.00 0.00
3 0.28 0.00 0.00 0.08 0.00 0.36
4 15.37 2.61 0.00 3.61 0.00 21.59
5 3.67 10.72 0.13 3.34 0.00 17.85
6 2.37 7.80 2.98 3.81 1.28 18.25
7 1.15 4.79 1.87 2.45 5.67 15.93
8 0.43 3.71 0.99 0.09 8.06 13.28
9 0.12 2.02 0.05 0.00 6.36 8.55
10 0.06 0.19 0.00 0.00 3.28 3.53
11 0.00 0.02 0.00 0.00 0.18 0.20
12 0.00 0.48 0.00 0.00 0.00 0.48

* Total 23.47 32.32 6.02 13.37 24.82 100.00

Average Molecular Weight = 83.84
Average Density = .707
Average Carbon Number : 5.13
H/C Ratio = 1.94

48 Hours

Carbon Paraffins
No. Normal Iso Naphthenes Olefins Aromatics Total

1 0.00 0.00 0.00 0.00 0.00 0. C0
2 0.00 0.00 0.00 0.00 0.00 0.00
3 3.15 0.00 0.00 0.05 0.00 0.20
4 7.15 1.30 0.00 2.09 0.00 10.54
5 2.97 11.39 0.15 4.62 0.00 19.13

*6 2.32 8.63 3.36 4.53 1.48 20.32
7 1.30 5.55 2.13 2.79 6.43 18.20
8 0.53 4.33 1.38 0.21 9.23 15.67
9 0.14 2.35 0.08 0.00 7.44 10.02

10 0.08 0.50 0.00 0.00 4.20 4.79
11 0.06 0.16 0.00 0.00 0.65 0.87

*12 0.00 0.23 0.00 0.00 0.05 0 .28

Total 14.71 34.43 7.09 14.28 29.49 100.00

Average Molecular Weight = 89.32
Average Density z.729
Average Carbon Number =6.08

H/C Ratio I.R
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II

'3 c aF.uel comnposItion summwnarv ,,,t3r .

, -s2e, t Summation by Carbon Nu,>, ,
Ini1tidl

" i ! ": _ -t3 r.?' - s
V- . - J zso __ Naphthenes ::[' fr -., 'a. . .

0.00 0.00 0.(O o
2.00 0.00 0.00 O.
,.0O 0.00 0.2; U.".
0.83 0.00 L.3F i .0C
7.93 0.11 4.64 0.00

.. $ r5.61 1.31 ,.83. .20C,." '

_ . 15.41 0.44 C. ,

0 . 22 -. O.-
0.00 0.00

0.31 0.00 2,OO 0 h Y

36.-0 2.75 11.4' 3; I" 1' . . ii

' , " .. .. - -- We -,' - 93.15

. mbr =6.74

48 Ho0urs

,. ' - F-raff ns

I'.' fso N.phthnes C>rfirs -rorratics Tota"
0..00 .00 0.00 ,.0

~~~0.00 c,0
.0 0.00 0.. .00 0. O
l0.00 O.O 0.04 0.00 0.57

2.36 0.00 2.19 C,.on 12.50
7.33 0. O4.49 0.00 14.73
5.30 1.43 2.77 1.14 1242

4.14 1.05 1.17 9.27 16.68
14.63 0.45 0.02 11.99 27.44

2r .8 0.00 0.00 S.54 iO.62
c. 14 0.00 0.00 4.04 4.26
0.00 0.00 0.00 0.1A5 0.45

, 0.33 0.00 0.00 0.00 0.33

36.12 3.03 10.68 35.43 lO0.O0

, -91.07

.... . ..m - 6.32

*1 4,
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TABLE 20. - Fuel composition summary - Sacramento - summer

Volume-percent Summation by Carbon Number and Compound Class

Initial

Carbon Paraffins
No. Normal Iso Naphthenes Olefins Aromatics Total

1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00
3 0.27 0.00 0.00 0.08 0.00 0.35
4 8.72 1.88 0.00 1.08 0.00 11.68
5 1.70 4.80 0.09 2.04 0.00 8.63
6 2.20 5.63 1.1I 2.97 2.84 14.85
7 1.57 5.02 0.92 1.87 12.68 22.06
8 0.57 5.43 0.38 0.11 17.06 23.54
9 0.23 1.44 0.00 0.00 11.73 13.4C
10 0.09 0.18 0.00 0.00 4.66 4.92
11 0.00 0.00 0.00 0.00 0.55 0.55
12 0.00 0.00 0.00 0.00 0.00 0.00

Total 15.35 24.37 2.60 8.16 49.52 100.00

S- Average Molecular Weight 93.00
Average Density = .766
Average Carbon Number = 6.34

* H/C Ratio = 1.67

48 Hours

Carbon Paraffins
No. Normal Iso Naphthenes Olefins Aromatics Total

1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00
3 0.24 0.00 0.00 0.10 0.00 0.33
4 8.68 1.82 0.00 1.06 0.00 11.56
5 1.71 4.71 0.09 2.07 0.00 8.57

* 6 2.16 5.65 1.23 3.05 2.92 15.02
7 1.57 5.04 0.93 1.88 12.80 22.22
8 0.57 5.45 0.38 0.11 16.94 23.45
9 0.23 1.35 0.00 0.00 11.72 13.30
10 0.09 0.13 0.00 0.00 4.71 4.93
11 0.00 0.05 0.00 0.00 0.56 0.62

S 12 0.00 0.00 0.00 0.00 0.00 0.00

Total 15.24 24.21 2.63 8.27 49.65 100.00

Average Molecular Weight = 93.04
* Average Density = .766

\verage Carbon Number 6.34
H/C Ratio = 1.66
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'.E 2>. -Fuel composition summary - Fort Lauderdale -s ,

-,:e-percent Summation by Carbon Number cnd Com:ourc , >

Initial

r Pardffirs
S. Iso Naphthenes Olefins Aro__ .c s T_. -tai

j.00 0.00 0.00 0.00 0.00 0.00
2 1,00 0.00 0.00 0.00 0.00 O.OC

0.50 0.00 0.00 0.07 0.00 C.5,
.85 2.58 0.00 1.67 0.00 12 . 10
.38 7.40 0.16 3.28 0.00 16.22

1.26 4.03 0.63 1.82 0.93 8.67
12 3.77 0.88 0.99 i1.09 17.85

-55 14.80 0.24 0.10 . ,7"22
u. ,18 1.41 0.00 0.00 8."j0 i0.49

" J.08 0.47 0.00 0.00 5.04 5.59
C ".30 0.46 0.00 0.00 0.62 1.08

. 2.00 0.22 0.00 0.00 0.00 0.22

4 6.93 35.12 1.92 7.94 38.0 100.00

,a oWe_.ar Weight = 91.95
A,~- p 'Sfe it. = .743
;,ce-ze -arbon Number = 6.42

48 Hours

Paraffins
Normal Iso Naphthenes Olefins Aromatics Total

0.00 0.00 0.00 0.00 0.00 0.00
.()G 0.00 O.OC 0.00 C.00 0.00

0.00 0.00 C.08 0.00 0.20
L- 1.42 0.00 0.68 0.00 10.35

2.79 3.91 0.10 2.12 0.00 8.92
I 1.07 3.15 0.FJ 2.16 0.77 7.75

:.i9 3.34 0.59 0.72 12.13 17.98
0,67 16.82 0.31 0.11 14.33 32.24
'24 1.76 0.00 0.00 11.64 13.64

0.10 0.61 0.00 0.00 6.60 7.30
-"-_I] 0.65 0.00 0.00 0.80 1.47

0.1/ 0.00 0.00 0.00 0.17

. 3 31.83 1.60 5.88 46.26 100.00

V 97.01l

If
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TABLE 22. - Fuel composition summary - Duluth - summer

Volume-percent Summation by Carbon Number and Compound Class

Initial

Carbon Paraffins
No. Normal Iso Naphthenes Olefins Aromatics Total

1 1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00
3 0.63 0.00 0.00 0.04 0.00 0.67

- - 4 9.86 3.71 0.00 2.19 0.00 15.76
" 5 2.60 5.94 0.05 1.34 0.00 9.94

6 2.27 5.81 0.88 2.09 2.20 13.24
7 1.29 6.79 1.44 1.66 8.09 19.28
8 0.41 18.28 0.25 0.06 9.04 28.06
9 0.09 1.68 0.00 0.00 6.17 7.95
10 0.04 1.00 0.00 0.00 3.61 4.65
11 0.02 0.19 0.00 0.00 0.25 0.47
12 0.00 0.00 0.00 0.00 0.00 0.00

0 Total 17.21 43.40 2.63 7.39 29.36 100.00

Average Molecular Weight = 90.48
Average Density = .725
Average Carbon Number : 6.24
H/C Ratio = 1.89

48 Hours

Carbon Paraffins
No. Normal Iso Naphthenes Olefins Aromatics Total

1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00
3 0.08 0.00 0.00 0.04 0.00 0. 12
4 7.07 1.32 0.00 1.24 0.00 9.63
5 1.28 2.95 0.04 0.69 0.00 4.95

* 6 2.03 4.51 0.81 1.52 1.68 10.56
7 1.44 7.14 1.43 1.68 8.98 20.68
8 0.56 21.29 0.36 0.07 12.14 34.41
9 0.14 2.34 0.00 0.00 9.14 11.61

10 0.06 1.56 0.00 0.00 5.44 7.06
11 0.04 0.09 0.00 0.00 0.77 0.90

' 12 0.00 0.08 0.00 0.00 0.00 0.08

Total 12.69 41.28 2.64 5.25 38.15 100.00

Average Molecular Weight = 98.22
Average Density = .754

S Average Carbor Number 6.73
H/C Ratio 1.79
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i' 23. Fuel composition summary - New Orlears -suj:;re-

,)'jme-percent Summation by Carbon Number and Som~nun"

Initial

Paraffins
No. No-,ma Iso Ndphthenes Olef ins Aromd Iics Total

20 0.00 0.00 0.00 0.00. 00
.0 0.0 0.00 0.00 .00

0.59 0.00 0.00 0.10 0.00 0.69
2 -. 74 3.65 0.00 2.10 0.00 14.49523 6.29 0.14 2.70 0.00 14 .36

4.24 6.43 2.24 3.63 1.71 18.25
1.61 5.27 1.25 2.14 7.21 17.48

3 0.54 5.19 0.81 0.15 10.29 16.98
C.16 2.51 0.08 0.00 8.3C 11.05
0.08 0.63 0.00 0.00 4.82 5.53

::'0.05 0.19 0.00 0.00 0.8C. 2

i 2.00 0.20 0.00 0.00 0.04 0.24

! 1 21"24 30.37 4.51 10.83 3.06 i00.

-ve Nil Molecular Woight = 89.21
Aver ce Llen,-ity .731
I .e-2e Carbon Number : 6.16
- ;C = 1.84

48 Hours

",. ?O ,Paraffins
Nc-1maI Iso Naphthenes 0lef ins Aromatics Total

0 .M 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.0 .00 0.0

. 2.54 0.00 0.00 0.08 0.00 0.63
6.91 3.15 0.00 2.15 0.00 12.21
5.37 5.93 0.14 2.72 0.00 14.16

4 29 6.48 2.27 3.64 1.74 18.42
i.66 5.40 1.40 2.15 7.50 18.11
9.S7 5.26 0.85 0.15 10.75 17.58
0.16 2.74 0.08 0.00 8.64 11.62
0.23 0.55 0.00 0.00 5.30 6.13
_.<35 0.19 0.00 0.00 0.67 0.91

4 iD.00 0. 19 0.00 0.00 0.04 0.23

29.90 4.74 10.89 34.63 100.00

P : ,-  P 3r We4ght = 90.64
.737

:. :" n ' tumber 6.27
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TABLE 24. - Fuel composition summary - Chicago - summer

Volume-percent Summation by Carbon Number and Compound Class

Initial

Carbon Paraffins
No. Normal Iso Naphthenes Olefins Aromatics Total

1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00

0.67 0.00 0.00 0.04 0.00 0.71
4 6.30 2.57 0.00 1.93 0.00 10.80
5 5.94 10.82 0.21 6.56 0.00 23.53
6 3.78 10.04 2.95 5.22 1.99 23.98
7 1.64 4.40 1.55 2.53 8.10 18.22
8 0.66 3.86 0.71 0.18 4.79 10.19
9 0.09 1.75 0.06 0.00 5.02 6.93
10 0.09 0.30 0.00 0.00 3.80 4.20
11 0.16 0.16 0.00 0.00 0.67 0.99
12 0.13 0.26 0.00 0.00 0.04 0.144

0 Total 19.47 34.16 5.49 16.46 24.42 100.00

Average Molecular Weight = 85.82
Average Density = .716

- Average Carbon Number = 5.91
* H/C Ratio 1.91

48 Hours

Carbon Paraffins
No. Normal iso Naphthenes Olefins Aromatics Total

1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00
3 0.09 0.00 0.00 0.05 0.00 0.15
4 6.98 1.17 0.00 1.63 0.00 9.79
5 2.34 4.55 0.12 3.17 0.00 10.18

* 6 2.98 7.39 2.44 3.73 1.48 18.03
7 1.95 4.94 1.86 3.27 10.42 22.44
8 i.O 6.02 1.32 0.25 8.31 16.90
9 0.16 2.99 0.11 0.00 9.00 12.26
10 0.17 0.81 0.00 0.00 6.51 7.49
I 0.29 0.31 0.00 0.00 1.04 1.63

* 12 0.24 0.79 0.00 0.00 0.11 1.144

Total 16.20 28.98 5.85 12.10 36.S7 100.00

Average Molecular Weight = 94.21
Average Density m .752
Average Carbon Number = 6.39
H/C Ratio = 1.78
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APFFENDIX A

DISTRIBUTION LIST

Jack Acampora, ANM-174W Bob Berman, AWS-IO

Western ACO DOT/FAA National Headquarte:b
P.O. Box 92007 800 Independence Ave., SW.
Worldway Postal Center Washington, DC 20591
Los Ageles, CA 90009-2007

William Ackerman Bernard Berns
- 6BI Adams Building Accident Prevention Spl.

Bartlesville, OK 74005 Alaska FSDO-61
3788 University Avenue
Fairbanks, AK 99709

Terry Allsup Robert Blair
National Institute for Aviation Safety Inspector
Petroleum & Lnervv Research WP - FSDO-13

" P.O. Box I12 218 Lagoon Road, Room 215
Bartlesville, OK 74005 Honolulu, HI 96819

• Bob Alpiser Raymond Boice, ACE-107

" Chicago ACO DOT/FAA Central Region
" 2300 East Devon 601 East 12th Street

. Des Plaines, IL 60018 Kansas City, MO 64106

- Neils Andersen Carl Borchers
, Senior VP - Engineering FSDO #2

AVTEK Corporation 1387 Airport Boulevard
S_4680 Calle Carga San Jose, CA 95110

Camarillo, CA 93010

. Oscar Ball, ACE-112 Raymond Borowski, ANE-170

- DOT/FAA Central Region New York ACO

601 East 12th Street 181 South Franklin Avenue
Kansas City, MO 64106 Room 202

Valley Stream, NY 11581

* Paul Penjunas Michael Bragg
Engineer I Ohio State University
Textron Lycoming 2300 West Case Road
550 South Main Street Columbus, OH 43220
Stratford, CT 06497

* Dave Bently Richard Brandiger
Aerospace Program Manager Principal Airworthiness Insp.

Society of Automotive Engineers GL-FSDO-66
400 Commonwealth Drive RR2, Box 4750
Warrendale, PA 15096 Rapid City, SD 57701
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Steve Brcv-. Eldon Elam
AOPA Air Safety iT, ve:4 PiiL,

421 Avioto:n Way FAA her-.,'q1_iarters, ASF-1Ot.

- Frederick, .f, 21701 800 T.dep-rde,' Av. ii' SW.

Waish,'ngton, L

Dr. Burtnec Frank Feiroer ,

. Sun Refin. .. an Xrketing Mobil Research and ,evelopment Corp.

* ARD Departr'ent Research Dep rtr.!eit
P.O. Box 1226 Billingbport Road

Marcus A :A 19061--0526 Poecsboro, NJ C8C,6

. Hank Burwash, ANT-I74W Auguao Ferrare, 7' T-320

Western ACO DOT/FAA Tcchric, 2enter
P.O. py 3200 Atantir (.tv nter,it'l A/P, NJ )40i

Worl,1wtv P ostai Center

Los Ant, 'o,. A 90009-2007

- Gene C'.,rtr ANM-I4W John Ge:nci

. FA-A Western ACO Ai' afe' Spe,'iali:-t
- P.O. o 2," 0 70 U.S. Arm-, Safe)ty "enter

World Wav P~ta] Center ATTN: CSSC-RI

-s n,."es, CA 9C009-2007 Fort Rucker, AL 3 r,)

Purton Chesterfield Wayne Gaulzetti, ANE-53

irars-w'rtation Safety Institute, DMA-60 FAA New England Region

6!O0 South MacArthur Boulevard 12 New England Executive Park

* Oklabcma City, OK 73125 Burlington, MA 01803

Ernct Cross, Jr. George Heath
- College of Egineering Investigator

Old Domniniot niversity Canadian: Aviatif"- Safety Board
Nrfr:k, VA 23508 12-14220 fellowhead Trail

dmonron, AB.. CiNADA

lerenrc'e ixon Roy Hettenbnch, PNE-174

Poei!r Aerospace Corporation Nei York ACO
P.O. Box 3992; 181 South Franklin Avenue

N1"S 9M-l i Room 202

Seatl , ;A 99124 Valley Stream, NY 11581

- David Downing Alfred Hughes

. '.epartmpnt of Aerospace Engineering Central Region-FSDO 65
*- The Vni'e y of Kansas General Aviation Building

2-"14 Lerned Hail Lincoln Municipal Airport

Lare T,, : .60 4 2221 Lincoln, NF 68524

,k,.cn, ANE-i4l Stephen Imbrogno

T,,'!FAA '.;w E',pord Region 106 East Miami Avenue

" -xecutive Park Cherry Hill, NJ 08034

I "2 A '1803
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Don Jacobsen, ACF-101 Druien Lawson

DOT/FAA Central Regioen Canadian Avditj oij .'aft, t) oeat,

601 East 12th Street P.O. Box 9120

Kansas City, MO 64106 Alta Vista Terminal

Ottawa, Ontario KIG 3T8 CANADA

.ire Jevons Jacob Leggett

Colt Industries Chief Chemist

-. Control Systems Division Derby Refining Company

Charter Oak Boulevard P.O. Box 1030

West Hartford, CT 06101 Wichita, KS 67201

Frank Kertis R. Lewis

Sun Refining and Marketing Market Manager, Methyl Fuels

* ARD Department Celanese Chemical Corporation

P.O. Box 1226 1250 West Mockingbird Lane

Marcus Hook, PA 19061-0526 Dallas, TX 75247-0320

- William Kilmartin Donald Magnuson

Manager, Techoiical Services Aviation Safety Insp.

ARCO Chei'al ''ompFany FAA-NM-FSDO-67

3801 West -hc: ter Pike 116 North 2400 West

4 Newtown Square, PA 19073 Salt Lake City, UT 84116

"Gere Kingsbury Phil Meng

Rcom 6733 MS-500 219

U.S. Department of Commerce NASA Lewis Research Center

Washington, DC 20230 21000 Brookpark Road

Cleveland, OH 44135

Richard Kirsch. AWS-120 Jay Nelson

DOT/FAA National Headquarters SW-FSDO-67

800 Independence Ave., SW. FAA Building, Room il1

Washington, DC 20591 Wiley Post Airport

Bethany, OK 73008

* Robert Koenig Willie Nelson
* NASA Langley Reserach Center Assistant Manager (Airworthiness)

. Mail Stop 352 ASO-FSDO-64

Hampton, VA 23665-5225 9355 Tradeport Drive

Orlando, FL 32827

SIarold L. Mesaris Richard Newcombe

Manager, Field Investigations Canadian Aviation Safety Board

Avco Lycomlng Textron P.O. Box 9120

652 Oliver Street Alta Vista Terminal

W'Iliamsport, PA 17701 Ottawa, Ontario K!G 3T8 CANADA

* Ted !.acara Cathy Nickolaisin

Prin. Aviation Safety Insp. Director

Western Pacific Long Beach-FSDO-5 New Jersey Division of Aeronautics

-e'15 East Spring Street 1035 Parkway Avenue

Ionp, Peach, CA 90806 Trenton, NJ 08625
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. Suite

Van Nuyi r;

Dick - 'errt
FAA Avai a n FWn i, o r,

.- itma"'
LIiih k h , W '~

Russ e
..... -A .ro ,,'p (:frI Irr .,

A CoLr I ivo r

: Corporate Er~i , t C it;,.

. ." ,USAS,

Fort Ruckn, AL 3( 62

John ohimski

Naval Air Propulsion Center

t ;e.t ,n P.n. Box 717(
" -.-.... Trenton, NJ 'O862t

Frele- i(k SmetarF:
North Ca-olina ,< ,tte University

. i e, 5outh P.O Box 5246

R! i , N 27650

2 H. Sm Ih
" " .. rr rs Engi:-eertd Fabrics Division

Goodyear Aerospace Corporation
S.. . ,en,, W. 1210 Masillon Road

Akron, OH 44315

"v, -;A Hubert Smith

Assistant Professor

Pennsylvania State University

* 233 Hammond Building

University Park, PA 16802

Robert Stewart

.- D,',m, P&D Program Manager

. rp( 'Ition Gulfstream Aerospace Corp, B-e8
* rui P.O. Box 2206

Savannah, GA ,140,.
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" en .taylor David Yeonav

-: I, Aeredvanmii s Pe r m Collns-Ro-kwte:

M oonev A- rc if t Corporat Ior MS 24-ill
1.C.. Box 22 400 Collins Road, NE.
,M'rv: lc, fTX 75C,02" Cedar Rap!is, IA 9249b

ter Phonit Richtrd Yotter, AC?-109

S:nd.tron.Aetospatce Fluid Systems D0T/ AA Central Region

'--I l1th Street t ! East 12th Street

i.[. Box 7002 Kansas City, MO 64106

Rockford, IL 61125-7002

Charles Turrentine Acro Sport, Incorporated

Engineering Specialist P.O. Box 462

( ]eneral Dynamics Corporat'Jon Hales Corners, WI 5313e

P.. Box 748, M/S 177?

Fort Worth, 1X 76101

Neil Wagstaff Adams Balloon Loft, inc.

Avn. Safety Re7resentat;ve 27 DeKalb Peachtree Airport

McDonne'.! Loz. Ias Helicopter Company Atlanta, GA 30341

500 East M 2cwell 560/G-22A

Mesa, AZ b5205

Donald Ward Advanced Aviation, Incorporated

Associate Professor 323 North Ivey Lane

Aerospace Engineering Department P.O. Box 16716

Texas A&M University Orlando, FL 32861

College Station, TX 77843

Richard Wares Aero Composites, Incorporated

National Institute for 1201 4th Street

Petroleum & Energy Research P.O. Box 246

P.O. -ox 2128 Fulton, IL 61252

s.artleovillle, OK 74009

John Welis Aerocar, Incorporated

"- 'irector of Development & Certification P.O. Box 1171

4 ates Learjet Corporation Longview, WA 98632

P.,9. Box 7707

Wi:hzta, KS #C 7277

1.oi:s Williams Aerospatiale Aircraft Corporatio;c

NASA langley Research Center 20 Expert Drive

* Mail Stop 286 Sterling, VA 22170

lomton, VA 23665-5225

dwacr! Willis, Jr. Aerospatiale Helicopter Corpor.tion

N.S,, ewis Research Center 2701 Forum Drive

Mail Stop 77-6 Grand Prairie, TX 75053-40o)5

(U' Brockpark Road

U .v'.elnv, OH 44135
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• in Lnc. Avian Balloon (b_)mEinv
L South 3722 RidFv e'g F, Ive

Spokane, WA '2.O 0

ration Avtek Cor , -,ratio.,
S .... - c'n Roads 509 Calle .

, -154 Camarillo. (-A q '

-.- .r., ,.ri Incorporated Avtek Corooratjb

509 Ca.ll Carga
.-A Camarillo, CA ' 3Co

- .nC. Ayres Corporat [c,
P.O. Box 3090

'4 Municipal Airport
Albany, GA 3170'E

, , - ' - -.. n, Incorporated Barnett Rotorcraft
. _4307 Olivehurst Avenue

'-: *-, 1. Olivehurst, CA 95961

- - . :o" SIpply Company Barney Oldfield 'ircraft

P.O. Box 228
-54C1 Needham, MA 02iQ2

Incorporated Beech Aircraft Corporation
Box 85

SA 1V2T Wichita, KS 67201-0085

0

• .,-pany Bell Helicopter Textron
P.O. Box 482

-0 52 Fort Worth, TX 76101

I r'n Corporation Bellanca, Inc.
P.O. Box 964

. r " ,cn Airport Alexandria, MN 56308

.d.
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I-V

e ser: Aircrmft Corporation CDX Aviation Sales
I.. Box 311047 1 1343 1 (4th St rf(t

b~a .1;h NC "7 2Edmonton, Alberta
~T5G 2K7

CANADA

"' ," . ion, I Ai 1 A r1p i an Cessna Air-raft Corpany

Companv P.O. Box 1521

P.('. Bo-x 3707 Wichita, KS 67201

-eattle, WA q8124

Pox 51, Ltd. Christen Industries

- !unicipal Airport P.O. Box 547

Route 1, Box 102 Aftcn, WY 83110

fenton, TX 716201

ritish Aerospace, C. Christen Industries, Inc.

';.0. Box 17414 Aircraft Manufacturing Division'

* Duiles 1n<1 Airport P.O. Box 547

-vashingior. Lc 20041-0414 Afton, WY 83110

BRukhart-Groh of America De Havilland Aircraft of Canada

.777 Navajo Drive Garratt Boulevard

Blu'fton Airport Complex Downsview, Ontario M3K IY5

Bluifton, OH 45817 CANADA

Bus!Ov Aircraft, Incorporated Denney Aerocraff Company

*Z7 Route 52 6140 Morris Hill Lane

M in,':ka, IL 60447 Boise, ID 83704

,~ron alloor. s, .S. DeVore Aviation Corporation

-K ntorprlse Drive 6104B Kircher Bcu.evard, NF.

-Y" Arbor, MI 4H103 Albuquerque, NM 87109

I

,.Oa I r Diehl Aero-Nautical

"4 Riersi.e Avenue 1855 North Elm

*, g5tport, CT 06880 Jenks, OK 74037

('ANAD A

'?A.>A Aircraft USA, Inc. Dornier Aviation-North America, ino.

l'.15 Jefferson Davis Highway 1213 Jefferson Davis Highway
"- , ,4C)4 #1001

.. A Ii nn, VA 22202 Arlington, VA Z2202
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>7.: 7ries, Limited Fokker A ircraft USA, Inc.
.,, -iouse 1199 North Fairfa:: Strpet

:-- a ane Street Suite 500
Alexandria, VA 22314

l a-,eons, Ltd. Freedom Master Corporation
c-snve: MurCipal Airport 450 Hamlin Avenue

..sani, VA 23005 Satellite Beach, FL 32937

*F srtrs'a A::craft, Incorporated Galaxy Balloons, Inc.
$'u V,':2e 820 Salisbury Road

,'. ., Statesville, NC 28'77

rt ' a,"ta, CA 93453

Fi,: Ar:Ift Gates Learjet Corporation
u :' :.-z Road P.O. Box 11186

-, CA Q239C Tuscon, AZ 85734

w-t . raft Corporation General Avialton

"- >, 4 Street Manufacturers Association
ale, FL 33315 1400 K Street, NW.

Suite 801
Washington, DC 20005

- ?,, i 1 pter Corporation Glaser Dirks Sailplanes, Inc.
.v Airport 5847 Sharpe Road

" - ,- Calistoga, CA c4515

.- raft Corporation Graham Thomson. Ltd.

P.O. Box 1175
TX 78284 Pacific Palisades, CA 90272

I

- 'rpcration Gulfstream Arospace Corporation
A.rport Wiley Post Airport

: :: 07608 P.O. Box 22500

Oklahoma City, OK 73123

- Products, Incorporated Head Balloons, Inc.

- ** -550 Echelon Road

7 .Greenville, SC 29605

- . . , ,H 45682
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,.Av ndust rI es " t rit , PInc.
i . . F,: ,' "Route 4, Box 4P

7 . r 7Vachi ie, 1A :

,A'. 1mrt'd Lockheed ergia uompaiiy

-' ,-t I >th Avenue Technical Reports Departmit-ot
P. : "4 Department 72-34, Zone 235

Wi ,4903 86 South Cobb Drive

Marietta, GA 300')3

Air: raft and Arms ToehIe Aviation, Incorporut ,-i
.-.: ,'', t:c.Shipmans Creek Road

' a .... LvWarttace, TN 37183

,. k, N Y o0G, 07

.''' Mael Aircraft Corporatio)

'',tern Av'n, Box 138
. " ". Portage, WI 53901

, port Aircraft, Incorporated Maule Aircraft Corporation

AI e nue Lake Maule

S t (;Route 5, Box 319

'ar, .- '35 5 Moultrie, GA 31768

MBB Helicopter Corporation

1'e 'rx 7 900 Airport Road
P.O. Box 2349

j. , PA 19460 West Chester, PA 19380

,S, .tr aft McDonnell Douglas Corporation

Airport Hangar 1 3855 Lakewood Boulevard

N! 46 Long Beach, CA 90846

., In, ,rporated McDonnel] Douglas Helicopter
'.. Company

Centinela and Teale Street:i
1 Hi 3b(-)6 Culver City, CA 90230

' :', s: Air,'raft Melex USA, Inc.

1200 Front Street

Air' :rt Suite 101

, HI 3(N4 Raleigh, NC 276011

0

A-9

00. -N %~ ' r % -



"Mike S. h Aero Osprey -itrcraft

' x i. , 3741 El Ricon Way

- t3r: gurtv Airport Sacramento, CA 795825
KS 67855

. Corpcration Partenavia of America

1235 Jefferson Davis Highway
v " '8-0072 #500

Arlington, VA .2202

" :, Ltd. Pazmany Aircraft Corporation

P.O. Box 80051
"" r t San Diego, CA 92138

-A 30458

.o Ltd. PIK Pacific
Dut-r,. "v Airport 1231 Second St'-et

Manhattan Beath, CA 90266

a-inp,. Falls, NTY 12590

A ronautics and Manufacturing Piper Aircraft Corporation

Sc mpa:. orvorated Box 1328

o Vero Beach, FL 32961
e 'enence, MC 64055

*Ii o n tn Prescott Aeronautical Corporation

. iai- Street 1006 West 53rd Street, N.

.- f'a, A 93060 P.O. Box 4590

Wichita, KS &7204

-- " , ircorporated Quad City Aircraft Corporation

S• lon Way 3610 Coaltown Road
. , 704 Moline, IL 61265

I I NC 28739

N'i,,c' >ucraf" Rand Robinson Engineering, Incorporated

E East Fuclid Place 5395 Industrial Drive

71p",- CO 8 121 Suite A

Huntington Beach, CA 92649

Rans Company

.,. F" 1104 East Highway 40 Bypass
S' v, K ,1 7)8 Hays, KS 67601
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Raven Industries, Inc. Short s BrnttK'si,UIS A, Inc .
421 West Eighteenth Street 2011 Crystal !,rive

*Box 1007 Suite 713
*Sioux Falls, SD 57101 Arlington, VA 22202-37,02

Re son fiel1 i copter Conpant Sikorskv Aircraft
-~.Crenshaw Boulevard North Main Street

r a nc e C A 905 Stratford, CT 06601

Rcg;erson Aircraft Corporation Silhouette Aircraft Sales, Incorporated
LIIAlton Avenue 848 East Santa Macin Street

rvine, CA 92714 Santa Paula, CA 93060

Rctec Engineering, incorporated Skypower
P.C. Box 220 Box 236
Duncqnvi 1, e 75138 Tea, SD 57064

Rotorway Aircraft Sorrell Aviation, Limited
7411 West Galveston 16525 Tilley Road, S.
Chandler, AZ 85224 Tenino, WA 98589

- -SAAB Aircraft of America, Inc. Spencer Amphibian Air Car, Incorporated2
200 Fairhrook Drive 11019 Glenoaks Boulevard
Herndon, VA 200Pacoima, CA 91331

'Schleicher Sailplanes, Inc. Squadron Aviation, Incorporated
P.,-. Box 118 P.O. Box 2376
Pcrt Matilda, PA 16870 Columbus, OH 43223

Schweizer Aircraft Corporation Star-Lite Aircraft, Incorporated
P.O. Box 147 2219 Orange Blossom
Elmira, NY 14902 San Antonio, TX 78247

* Sequoia Aircraft Corporation Stoddard-Hamnilton Aircraft,
- -2000 Tomlynn Street Incorporated

-P.O. Box 6821 18701 58th Avenue, NE.
flichmond, VA 23230 Arlington, WA 98223
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* >to< St>rduster Corporation War Aircraft Replica, Incorporated

"3iM Twi:. ng 348 South Eighth Street

iacbb. Arport Santa Paula, CA 93060

ivers:e, CA 92509

"ear~ren Aircraft Corporation Weatherly Aviation Company

:23. X 9th Street 2304 San Felipe Ybad

: Ath ic, TX 78214 Hollister, CA 95023

car'r..t Aviation Corporation Westland, Inc.

V 0. ?.. x a7 7135 Jefferson Davis Highway
S. F -.- - Ba( Eagle Street Suite 805

F n, PA 17745 Arlington, VA 22202

ee~e ,r paov White Lightnrig Aircraft Corporation

-x ':.5 P.O. Drawer 40

. -. AT F228 Sheldon, SC 29941

1, a, on Works Zenair, Limited
,1 ) urv Road 25 King Road

-!oteqv.. e, NC 28677 Nobleton, Ontario
LOG INO

4 CANADA

7 un 'r ard "olt, IT.S.
-ox '

2 0 37-0320

ti ma to Aerobatics, Limited

* .- gu ,  ' ,irpark
ep-, Otario

*. ';w P: iH

Vii-,' s Air( raft, Incorporated
?i i. . ox IbO

P ':. Pans, OR 97133

W,!,-sor, Incorporated

. P.1 . Frx 1
53148
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Civ1'. Avia ion Auih- rity (5 DOT-FAA AEUC-500 (4:

Aviat ion House American Embassy

129 Kingsway APO New York, NY U9bc 7

Lcndo.n 4'2 6NN England
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